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ABSTRACT
This study presents a search for IR excess in the 3.4, 4.6, 12 and 22 µm
bands in a sample of 216 targets, composed of solar sibling, twin and analog
stars observed by the WISE mission. In general, an infrared excess suggests
the existence of warm dust around a star. We detected 12 µm and/or 22 µm
excesses at the 3σ level of confidence in five solar analog stars, corresponding to
a frequency of 4.1 % of the entire sample of solar analogs analyzed, and in one out
of 29 solar sibling candidates, confirming previous studies. The estimation of the
dust properties shows that the sources with infrared excesses possess circumstellar
material with temperatures that, within the uncertainties, are similar to that of
the material found in the asteroid belt in our solar system. No photospheric
flux excess was identified at the W1 (3.4 µm) and W2 (4.6 µm) WISE bands,
indicating that, in the majority of stars of the present sample, no detectable
dust is generated. Interestingly, among the sixty solar twin stars analyzed in this
work, no WISE photospheric flux excess was detected. However, a null-detection
excess does not necessarily indicate the absence of dust around a star because
different causes, including dynamic processes and instrument limitations, can
mask its presence.
Subject headings: (stars:) circumstellar matter – infrared: stars – stars: solar-type –
stars: individual (HD 86087)
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1. INTRODUCTION
The search for stellar infrared excesses may offer important constraints for our
understanding of the nature and evolution of circumstellar dust disks, which are the most
clear sign of other planetary systems. These structures may be indicative of perturbing
forces, revealing the presence of planets that would otherwise remain undetected, or of other
influences, including the presence of remnant gas, that may sculpt the starlight-scattering
materials in these systems into ring-like morphologies (e.g.: Aumann et al. 1984; Zuckerman
& Song 2004; Lagrange et al. 2009; Chen et al. 2009; Melis et al. 2013; Chen et al. 2014;
Vican & Schneider 2014; Su & Rieke 2014; Meshkat et al. 2015). For instance, in the
solar system zodiacal cloud, Earth has cleared out a region in its vicinity as a result of
resonant tidal interactions (Dermott et al. 1994). The current literature reports debris disks
composed of belts of rocks and dust around hundreds of solar-type stars (e.g., Aumann et
al. 1984; Oudmaijer et al. 1992; Mannings and Barlow 1998; Chen et al. 2006; Cruz-Saenz
de Miera et al. 2014; Patel et al. 2014; Chen et al. 2014), with some studies indicating that
planets may be frequent in debris disks (e.g.: Morales et al. 2011; Ballering et al. 2013).
Among these stars, a few dozen are also known to harbor planets (Lawler and Gladman
2012; Morales et al. 2012; Bonsor et al. 2013).
Infrared (IR) excess in main-sequence Sun-like stars is believed to result from the
production of collisional dust during the final stages of planet formation, at least for
relatively young stars, or produced around older stars as long as dust is liberated in
higher-speed collisions (Wyatt 2008; Krivov 2010). The incidence of debris disks around
main-sequence stars of spectral types A, F, G and K, based on the detection of IR excess,
is reported by different authors (Habing et al. 2001; Rieke et al. 2005; Bryden et al. 2006;
Chen et al. 2006; Su et al. 2006; Wyatt et al. 2007; Trilling et al. 2008; Meyer et al. 2008;
Urban et al. 2012; Montesinos et al. 2016). For instance, about 20% of the nearby Sun-like
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stars in the referred spectral range host dusty disks above the current detection limits
(Habing et al. 2001; Trilling et al. 2008; Ga´spa´r et al. 2013; Eiroa et al. 2013). Among the
stars with detected discs, approximately 10% have ages from10 Myr to 1 Gyr (Chen et al.
2006; Bryden et al. 2006; Meyer et al. 2008), with a clear disappearance of disks among
stars older than 300 to 400 Myr (Habing et al. 1999; Wyatt 2008). More recently, Sierchio
et al. (2014) have shown that among solar-type stars within the spectral type range F4 to
K2, about 13% of the stars younger than 5 Gyr have dust disks, while stars most older than
5 Gyr do not.
The Wide-field Infrared Survey Explorer, WISE, (Wright et al. 2010), which made
observations centered at wavelengths of 3.4, 4.6, 12 and 22 µm (known as the W1, W2,
W3 and W4 bands, respectively), offers a unique laboratory to search for mid-IR excess
in different stellar families. The 3.4-4.6 µm wavelength range is a good diagnostic of the
presence of a near-IR excess, whereas the 12-22 µm range is an indicator of the presence
of cooler dust. Indeed, these latter wavelengths are very sensitive to thermal emission
from sources at temperatures comparable to the Earth, approximately 300 K, and to our
asteroid belt and interior zodiacal cloud, approximately 150-250 K. For instance, Lawler &
Gladman (2012) analised the IR WISE behavior for hundreds of Kepler objects, including
stars with confirmed planets and stars with planet candidates, and they identified 8 stars
with mid-IR excesses. Morales et al. (2012) performed a analysis for a sample composed of
591 stars with confirmed planets, listed in the Extrasolar Planet Encyclopedia (Scheider et
al. 2011), from which 9 stars revealed excess mid-IR emission. More recently, Cotten and
Song (2016) presented a large census of infrared excess in main-sequence stars, amounting
to approximately 1750 nearby and bright stars, most of which were revealed for the first
time by WISE observations.
The primary aim of this study is to determine the incidence of mid-IR excess at
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wavelengths of 3.4, 4.6, 12, and 22 µm based on homogeneous procedures for analyses of
the WISE observations for a stellar sample composed of 216 solar sibling, twin and analog
stars selected from the literature. Solar siblings refer to stars that were born simultaneously
with the Sun. By definition, these stars must have a solar chemical composition considering
that they essentially came from the same gas cloud and, consequently, the age of the
Sun. However, solar siblings do not need to present physical parameters, such as effective
temperature, mass, luminosity, surface gravity or rotation, similar to those of the Sun.
Solar twins refer to stars with high-resolution, high signal-to-noise ratio (S/N) spectra that
are closely identical from the spectrum of the Sun, regardless of their origin (e.g.: Cayrel
de Strobel 1996; Porto de Mello & da Silva 1997; Melendez & Ramrez 2007; Ramrez et
al.2011). Solar analogs refer to those stars spectroscopically similar to the Sun, which are
known to have stellar properties close to solar values (e.g.: Cayrel de Strobel 1996).
The most straightforward approach for this study is to relate the properties of debris
disks around the referred stars to identify regions similar in temperature to our solar
system. We revisit the search for the incidence of debris disks in 216 main-sequence stars of
our sample, some of which have infrared excess already reported in the literature, searching
for WISE infrared excess. For a solid control on the reliability of the infrared excess, we
applied for each star a homogeneous diagnostic consisting of the identification of traces of
IR excess in the color–color diagram, the determination of the spectral energy distributions
and image inspections. The remainder of this paper is organized as follows. Section 2
presents the dataset used in our study. Section 3 discusses the method used to identify
mid-IR excess and the criterion used to visually inspect the WISE images. Section 4
provides the main results, and the conclusions are presented in Section 5.
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2. The WISE data and working stellar sample
WISE is a NASA infrared-wavelength astronomical space telescope that was launched
in December 2009 for an all sky survey in the mid-IR with very high sensitivity (Wright
et al. 2010). WISE has a greater sensitivity than other instruments that detect similar
wavelengths. For example, its sensitivity corresponds to a factor that is approximately 1000
times greater than that obtained by the IRAS satellite (Neugebauer et al. 1984) in the 12
and 25 µm bands. Compared to the COBE satellite (Boggess et al. 1992), which made
observations at 3.3 and 4.7 µm, WISE is approximately 500,000 times more sensitive in the
3.4 and 4.6 µm bands.
The present study is focused on searching for WISE infrared excess in so-called solar
siblings, solar twins and solar analog stars. For this purpose, we have attempted to identify
the largest set of stars defined as such in the literature. First, we selected 179 solar analogs
listed by Datson et al. (2015), Chen et al. (2009) and Ramirez et al.(2012); 117 twins
from Ramirez et al. (2014), Datson et al. (2015), Pasquini et al. (2008), Yana Galarza
et al. (2016) and Melndez et al. (2006); 6 siblings from Ramirez et al. (2014), Liu et al.
(2015) and Batista et al. (2014); and 30 siblings candidates from Liu et al. (2015). These
selections correspond to a total preliminary sample of 334 stars, containing positional and
photometric information, including J, H, Ks bands, from 2MASS. Nevertheless, for our
study, we cross-correlated the selected sample by using 2MASS coordinates with the WISE
all-sky data catalog, considering only those WISE sources located within a two arcsecond
radius for which the signal-to-noise ratio is larger than 3 in all WISE bands, excluding
stars with photometry corresponding to upper limits, as well as those with saturated fluxes.
As a check of the level of saturation, for each source, we compared the WISE magnitudes
with the saturation thresholds defined by the AllWISE data release (Cutri et al. 2013),
according to which for sources with brightness larger than approximately 2.0, 1.5, -3.0 and
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-4.0 mag in W1, W2, W3 and W4, respectively, the reliability and completeness of WISE
photometric measurements degrade because there are too few non-saturated pixels available
in the measurement area for reliable source extraction. Based on these criteria, the final
sample consists of 121 solar analogs, 6 solar siblings, 29 solar sibling candidates, and 60
solar twins, amounting to 216 targets, composed of stars with metallicity between -0.50
and 0.45, as shown in Fig. 1. This figure shows that the peak of the distribution is located
around the solar values. Based on the definition by Cutri et al. (2013), none of the stars
in our final sample have saturation levels higher than acceptable, and therefore, we can
consider that the observed fluxes for our sample are not overestimated. The final sample of
216 stars is listed in Table 2. This table also lists the values of the apparent magnitude V,
the spectral type, effective temperature, surface gravity, metallicity and other parameters
associated with the IR excess measurements, which will be defined in the next section. Fig.
2 shows the locations of 206 stars in the log (g) vs. log (Teff ) diagram, which shows that
their masses, surface gravities and effective temperatures range from approximately 1.0 to
2.0 M, 3.24 to 4.8 dex and 4300 to 6900 K, respectively. These values are compatible with
stars located in the main sequence stage. From the final sample of 216 stars, the 10 stars
from Pasquini et al. (2008) are not represented in this figure because they do not have
measured log (g) values.
2.1. WISE data analysis
The first diagnostic in the search for traces of IR excess was the analysis of the
distribution of our final stellar working sample of 216 stars in the color-color diagram,
J − H versus K − [22], derived from 2MASS J, H, K, and WISE 22 µm magnitudes, to
apply the criteria established by Wu et al. (2013). According to these authors, stars with a
tendency to show IR excess at 22 µm present K − [22] values greater than ∼ 0.22 (dashed
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vertical black line in Fig. 3). The referred color-color diagram is then shown in Fig. 3, from
which one observes that the large majority of stars in our sample show normal IR behavior,
presenting essentially photospheric colors, i.e., K-[22] < ∼ 0.2 are identified. However, a
total of 13 stars show IR excess in the W4 band. These stars are the analogs HD 39060, HD
86087, HD 109573, HD 113766, HD 168746, HD 181296, HD 218396 and HD 224448; the
twins HD 63487, HD 145927 and HD 150248; and the siblings HD 21216 and HD 168325.
The 2MASS and WISE magnitudes used in Fig. 3 were obtained from the AllWISE Data
Release (Cutri et al. 2013).
To verify that the IR excess that emerges from the color-color diagram is actually
real, we compared the observed and model-derived photospheric IR fluxes for each of
the 216 stars presented in the diagram using the Virtual Observatory Spectral Analyzer
(VOSA, Bayo et al. 2008). Indeed, using the VOSA procedure, we calculated the synthetic
photometry in a given filter set and then performed a χ2 minimization to determine the
best fit to the data. Kurucz models (Castelli et al. 1997) were used for the fit between
the observed spectral energy distributions (SEDs) and the synthetic photometry. In this
procedure, we used the following ranges of stellar parameters as the input parameters: 4000
≤ Teff ≤ 7000 K, 0.0 ≤ log g ≤ 5.0 and -2.5 ≤ [M/H] ≤ 0.5, covering the range of the
estimated parameters for our targets.
Measurements of the WISE infrared excess for each source were made using the excess
significance χλ (Beichman et al. 2006), which can be defined as
χλ ≡ F
obs
λ − F photλ√
σobs2 + σcal2
, (1)
where F obsλ is the observed flux value in the [3.4], [4.6], [12] or [22] bands; F
phot
λ is the
theoretical photospheric flux value at the same wavelength computed from the photospheric
modeling; σobs represents the errors at F
obs
λ ; and σcal are the absolute calibration
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uncertainties of the WISE estimated at 2.4, 2.8, 4.5 and 5.7 percent in the [3.4], [4.5], [12]
and [22] bands, respectively (see the Explanatory Supplement to the WISE Preliminary
Data Release Products by Jarret et al. (2011)). The errors in the photospheric theoretical
fluxes corresponding to the fit performed using VOSA are considered insignificant and were
not used (Ribas et al. 2012). The distribution histograms of χλ values for the four WISE
bands are shown in Fig. 4. The means and standard deviations from Gaussian fits (red
solid curves) are 0.23 and 0.45, 0.72 and 0.94, -0.38 and 0.23, and 0.86 and 0.53 for the W1,
W2, W3 and W4 bands, respectively. The negative average of χλ for the W3 band reflects
the larger passband of W3 than the others (Wright et al. 2010; Cotten and Song 2016).
Indeed, Wright et al. (2010) describes the inflight discrepancy found between red and blue
sources that implies that the coolest stars will have an observed W3 flux that is fainter than
the theoretical photospheric flux value, that is, a negative significance of excess.
We consider sources with an apparent significant excess as those for which χλ ≥ 3.0 (Su
et al. 2006) in one or more of 3.4, 4.6, 12, or 22 µm bands, which corresponds to at least
3 σ significance of deviation from the expected photospheric value (χλ = 0). By applying
this criterion, we find that 14 of the 216 stars present infrared excess in one or more WISE
bands: At W4, HD 21216, HD 39060, HD 86087, HD 109573, HD 113766, HD 168325, HD
168746, HD 181296 and HD 218396, and all of these stars also show traces of infrared excess
based on the criteria of Wu et al. (2013); at W3, HD 39060, HD 109573 and HD 113766;
at W2, HD 11131, HD 96423, HD 113766 and HD 150248; and at W1, HD 6470 and HD
168746.
The stars with an apparent excess from the SEDs at W1, HD 6470 and HD 168746,
and at W2, HD 11131, HD 96423 and HD 150248, were disregarded from our sample of
sources considered to have an acceptable excess level. Indeed, these stars present flux ratios
(F obs12 /F
phot
12 ) close to 1, which are very low compared to those presented by stars that
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exhibit significant infrared excesses at 22 µm, which are approximately 1.8. In the W2
band, the stars present an excess ratio that is more important, but according to the WISE
Team (Cutri et al. 2012), there is an overestimation in the brightness of the 4.6 µm band,
and the bias can reach nearly 1 mag. Stars with apparent excess in bands W1 and W2
exhibit saturated pixels fractions ranging from 8% to about 50%, significantly higher than
the saturated level of stars with detections in W3 and W4 which presents a range level of
saturated pixels of 0.0 to 0.8%. Moreover, the overestimation of W2 magnitudes applies at
most to saturated objects. The overestimation by up to 1 mag applies to objects with W2
∼ 3 mag, and it is smaller for stars with 3.5 < W2 < 6.5 magnitudes. For instance, the 5
stars in our sample showing an apparent excess in W1 (HD 6470, HD 168746) and W2 (HD
11131, HD 96423, HD 150248) have W2 magnitudes between 4.8 and 7.4.
For the stars HD 150248, HD 63487, HD 145927 and HD 22448, their locations in the
color-color diagram (see Fig. 3) also suggest a slight IR excess in the 22 µm band. Despite
this result, the estimated values of χ22 for HD 150248, HD 63487, HD 145927 and HD
22448 of 0.373, 1.090, 2.148 and 2.023, respectively, do not show confidence levels higher
than 3σ, which represents the acceptable level of IR excess in our study. The SEDs for the
referred stars whose IR excess were disregarded are shown in Fig. 9, presented in the online
material.
2.2. WISE image inspection
Because different factors such as artifacts, background galaxies and other fundamental
problems can contaminate the IR excesses observed in stars, we have applied a third
diagnostic to define which stars with IR excess traces revealed from the color-color diagram
and from the SEDs have a reliable WISE IR excess. In this sense, we inspected the WISE
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images for all the stars, which were downloaded from the IRSA1 archive, for the 1’.4 × 1’.4
regions surrounding each star in all WISE bands. The inspection is based on the following
criteria:
• PSF (Point Spread Function): Check whether the photocenter of the band in which
the excess is found appears to be a bona fide point source or an extended PSF.
• Offsets: Check whether the photocenter position changes in the band in which excess
is found compared to its position in all WISE bands.
• Condition confusion flag (ccf): Check whether the photometry and/or position of a
source may be contaminated or biased due to image artifact (Cutri et al. 2013). The
available artifact flags are diffraction spikes (orange dots), scattered light halos (green
squares) and optical ghosts (pink diamonds), as described by IRSA.
Figure 5 shows some examples of stars with excesses in the 22 µm band as well as
fundamental problems. A visual inspection shows that HD 168325 is a spurious detection in
which no object is evident in the W3 band (middle left panel) and W4 band (middle right
panel). This source suggests dust emission when viewed through the SEDs, but the visual
analysis of the WISE image shows a lack of a point source in the W4 band.
Another star that presents fundamental problems in the image is HD 109573. Although
it is a point source and has no indications of contamination by the background, the excess
may be due to contamination by a diffraction spike from a nearby bright star on the same
image in 12 the µm band (top left panel) and by a scattered light halo surrounding a
nearby bright source in the 22 µm band (top right panel). Although HD 168746 (bottom
panel) can be associated with a point source, this star displays a substantial contribution
1http://irsa.ipac.caltech.edu/applications/wise/
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from the background in the W4 band (bottom right panel), which may be related to the
fact that this star is located near a stellar formation region. In this context, the objects
with problems in the images, HD 168325, HD 109573 and HD 168746, were rejected from
our final list of excess candidates. Their SEDs are show in Fig.9, presented in the online
material.
For the remaining stars, HD 21216, HD 39060, HD 86087, HD 113766, HD 181296 and
HD 218396, the image examination indicates that such sources are clear detections of single
isolated PSF sources without source confusion, and the centroid position is preserved in
each image. The four WISE bands (from left to right, W1, W2, W3, and W4) for these
stars are shown in Fig. 6.
2.3. Solar twins from M67 open cluster
An additional step in our search for WISE IR excess among solar twin stars was
dedicated to the open cluster M67, one of the most important laboratory for studying stellar
evolution (Burstein et al. 1986; Carraro et al. 1996). Commonly mentioned as a solar age
cluster, with chemical composition very close to the solar values, M67 hosts 10 potential
solar twins identified by Pasquini et al. (2008). These stars are MMJ5484, MMJ6055,
MMJ6384, S770, S779, S785, S945, S966, S1041 and S1462, following the nomenclature
used by the referred authors. All these stars present an apparent excess in the color-color
diagram presented in Fig. 3, but one should consider such behavior with caution because
WISE data show an upper limit for the magnitude K-[22], with a S/N ratio lower than 3
in the referred WISE band. The values of χλ, in the various WISE bands, for the M67
sample of stars are also listed in Tab. 2. By applying as a diagnostic the analysis in the
WISE bands W1, W2 and W3 based on their SEDs, we find an IR excess in the W3 band,
namely, in 12 µm, for the star S966. Nevertheless, the significance of the excess at 12 µm
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for S966 is relatively low (χ12 = 3.8). No traces of excess were observed from the SEDs of
the remaining nine stars, MMJ5484, MMJ6055, MMJ6384, S770, S779, S785, S945, S1041
and S1462, which show essentially photospheric colors. The SEDs for the stars from M67
also are shown in the online material. Unluckily, a visual image inspection shows that S966
is a spurious detection. The visual analysis of the WISE images shows a lack of a point
source in the W3 band, with a complex background characterizing the image in the referred
band. Therefore, the apparent IR excess of the solar twin S966, emerging from the WISE
W3 band, is indeed artificial. Therefore, we conclude that none of the solar twins stars in
the M67 cluster have a detectable IR excess in the WISE bands.
3. Results and Discussion
Because IR excess reveals the presence of a circumstellar debris disk, we fitted the
observed reliable excess for the stars HD 21216, HD 39060, HD 86087, HD 113766, HD
181296 and HD 218396 with a black body function (blue dashed lines in Fig. 7) to
determine the color temperature, which is defined here as the disk temperature Td. In the
debris disk modeling, it is assumed that an optically thin dust is in thermal equilibrium
with the stellar radiation field. Based on such a condition, the temperature of a dust grain
with a defined chemical composition and size will depend only on the radial distance to the
central star. The corresponding SEDs and the referred fits are presented in Fig. 7.
We estimated three fundamental disk properties, using equations 2 (Beichman et
al. 2005), 3 (Backman & Paresce 1993) and 4 (Liu et al. 2014): the luminosity fraction
fd = LIR/L∗, which is defined as the ratio of infrared luminosity from the dust to the stellar
luminosity; the orbital distance of the dust or disk radius Rd; and the disk mass Md. In
these equations, T∗ is the effective temperature of the star, L∗ is the stellar luminosity, Fdλ=
Fobsλ - F
phot
λ and
F dλ
F photλ
are the dust flux and fractional excess at 12 or 22 µm, respectively.
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fd =
LIR
L∗
= kT 4d
(
exphν/kTd −1)
hνT 3∗
F dλ
F photλ
(2)
Rd =
(
278
Td
)2(
L∗
L
)0.5
(3)
Md = fd(Rd/9.12)M⊕ (4)
From this modeling, our small sample of solar analog stars with WISE IR excesses
shows warm circumstellar material with disk temperatures Td within the range of 150 to
270 K, luminosity fractions fd from about 0.85× 10−4 to 199× 10−4, disk radii Rd between
2.54 and 19.43 AU and disk masses from 1.11× 10−4 to 4.23× 10−2 M⊕, which also agree
with the overall results found in the literature (e.g.: Chen et al. 2006; Cruz-Saenz de Miera
et al. 2013; Chen et al. 2014). See table 1 for derived disk properties.
The stars identified to have reliable WISE IR excesses, i.e., HD 21216, HD 39060, HD
86087, HD 113766, HD 181296 and HD 218396, were previously studied by other authors
by also using WISE data.
For HD 86087 and HD 113766, Chen et al. (2014) found a clear IR excess from WISE
as well as from Spitzer/IRS observations. For HD 86087, we computed a WISE IR excess
significance χ22 of 9.89 and fractional excess of 1.55. We also estimated a dust temperature
of 175 K, luminosity fraction of approximately 1.77 × 10−4, orbital distance of 19.43 AU
and disk mass of Md = 7.3 × 10−3 M⊕. These characteristics suggest that this star is
surrounded by warm circumstellar material with a temperature similar to our asteroid
belt but located at a distance from the Sun greater than 7 times the distance of our belt.
Based on the Spitzer spectrum in the range 5.5 - 35 µm, Chen et al. (2014) identified
two dust components with dust temperatures of 381 K and 91 K, luminosity fractions of
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approximately 3.7 and 9.5 × 10−5, orbital distances of 3.9 and 84.8 AU and disk masses of
Md = 2.7 × 10−4 Mmoon and 1.6 × 10−4 Mmoon.
For HD 113766, we computed WISE IR excess significance in two bands, with
χ12 = 20.0 and χ22 = 17.0 and fractional excesses of 11.42 and 63.11 for W3 and W4,
respectively. The thermal emission from this object was well modeled with a single black
body component, with a estimated dust temperature of 270 K, luminosity fraction of 199 ×
10−4, orbital distance of 4.4 AU, and disk mass of Md = 4.23 × 10−2 M⊕. The estimated
dust temperature and disk radius from the present analyses are in agreement with the
results obtained by Chen et al. (2006). Indeed, this is an expected result considering
that the wavelengths observed by WISE (4.6 - 22 µm) are within the range of Spitzer
observations (5.5 - 35 µm).
For HD 39060, Morales et al. (2012) identified warm dust emission at 22 µm,
estimating a dust temperature of approximately 199 K and a fractional excess of 22.8. For
the stars , HD 21216, HD 181296 and HD 218396, Patel et al. (2014) identified significant
levels of WISE IR excess in the 12 and 22 µm bands and estimated disk properties. The
dust temperatures, disk radii and luminosity fractions are 167 K, 3.7 AU and 4.1× 10−4,
respectively; for HD 21216; 177 K, 11.0 AU and 2.5× 10−4 for HD 181296 and 225 K, 3.3
AU and 0.6 × 10−4, for HD 218396. For these four stars, we estimated dust temperatures
and disk radii that are in agreement with those reported by these authors, as shown in Table
1. The disk masses listed in Table 1 (10−4 - 10−2 M⊕), estimated from the observed WISE
IR excesses at 12 and/or 22 µm, are reported for the first time for the considered stars. In
general, for these stars, our results confirm and reinforce the indication of the presence of
the previously detected circumstellar material with grain temperatures comparable to those
of the grains in our asteroid belt and the interior zodiacal zone (Lawler & Gladman 2012;
Morales et al. 2012).
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3.1. On the dearth of WISE mid-IR excess among solar twin stars
Inspired by the reported incidence of debris disks around Sun-like stars, revealed by IR
excess detections among F , G and K stars (Rieke et al. 2005; Bryden et al. 2006; Chen et
al. 2006; Su et al. 2006; Wyatt et al. 2007; Meyer et al. 2008; Urban et al. 2012), we have
searched in detail for traces of WISE excess emission among solar twin stars. Also, it is
clear from different studies underlined in section 1, that the likelihood of a detectable debris
disk depends strongly on stellar age, with a higher percentage of young stars harboring
disks than older ones. For comparison purposes, as underlined in Sec. 1, approximately
10% of Sun-like stars, with ages from 10 Myr to 1 Gyr, have IR excesses reported in the
literature (Chen et al. 2006; Bryden et al. 2006; Meyer et al. 2008). Nevertheless, the
incidence of IR excess become sparse among stars older than 300 to 400 Myr (Habing et al.
1999; Wyatt 2008).
Our study shows that among the solar twin stars here analyzed, none have a
statistically significant WISE IR excess compared to the predicted stellar photospheric
flux. Indeed, the null detection of debris disks around solar twins stars can reflect different
root-causes, including that dust disks around the referred stars become so optically thin to
be undetectable, at their age, cold disks, which are detectable only at longer wavelengths,
as well as disk disappearance due to stellar ages. At this point, the analyses of the age
distribution for our sample of solar twin stars it is mandatory. Fig. 8 shows the age
distribution for our sample of 60 solar twin stars, with ages taken from Yana Galarza et
al. (2016), Ramirez et al. (2014), and Melendez et al. (2006); for stars from Datson et
al. (2015) and Pasquini et al. (2008), age were taken from Holmberg et al. (2007) and
O¨nehag et al. (2011), respectively. From the range of ages shown in Fig. 8, one observes
that the large majority of stars are older than the expected age interval (300 to 400 Myr)
for disks disappearance (Habing et al. 1999, Wyatt 2008). In this context, the dearth of
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mid-IR excess among solar twin stars is rather in agreement with the scenario expected
for main-sequence Sun-like stars in the same age range, pointing for a possible debris disk
disappearance.
4. Conclusions
In this study, we analyzed the WISE emission flux properties of a sample of 216 main
sequence stars, consisting of 121 solar analogs, 6 solar siblings, 29 solar sibling candidates,
and 60 solar twins, in the search for infrared emission excess in four WISE bands (W1-3.4
µm, W2-4.6 µm, W3-12 µm, and W4-22 µm). Nine stars present excesses in the 12 and/or
22µm bands at the 3σ level of confidence, but three were rejected after visual inspection of
the WISE images because of fundamental problems (contamination by artifacts, no evident
source and/or background emission).
We confirm WISE excess in 12 and/or 22µm in the solar analogs HD 39060, HD 86087,
HD 113766, HD 181296, and HD 218396, corresponding to 4.1% of the analyzed sample,
and in the solar sibling candidate HD 21216, 1 out of 29 solar siblings candidates. The
estimations of the dust properties for these stars with IR excesses are consistent with those
given in the literature. For HD 113766, we confirm a WISE excess with a dust temperature
of 270K, which is compatible with other studies. These values strengthen the fact that
these stars present warm circumstellar material with temperatures that are similar to the
asteroid belt and interior zodiacal zone. The fractional dust luminosity ranges from about
0.85 ×10−4 to 199×10−4, with HD 113766 presenting the highest fractional luminosity in
the sample. The orbital distances of the dust disks estimated in the present work range
from 2.54 to 19.43 AU. Star HD 21216 show dust disk within the solar asteroid belt region,
whereas the disks of HD 39060, HD 86087, HD 113766, HD 181296 and HD 218396 are
– 18 –
outside the asteroid belt, reflecting probable differences in planetary systems. The present
analyses reinforce that for the definition of IR excess, a visual inspection of the WISE
images is mandatory to check the reliability of the mid-IR excess in the WISE bands
because such excesses can be contaminated by artifacts or background emissions. For
instance, the apparent IR excess associated with the stars S996, HD 109573, HD 168325
and HD 168746 are due to the presence of artifacts.
Finally, some relevant points should be highlighted. No stars having WISE photospheric
flux excess at the W1 (3.4 µm) and W2 (4.6 µm) bands were identified, indicating that,
in principle, no detectable hot dust is generated in the present stellar sample. The
detection of a mid-IR excess revealed by WISE W3 (12 µm) and W4 (22 µm) suggests the
presence of circumstellar warm material from primary dust generation. In this context, the
identification of debris disks around stars similar to the Sun is extremely important because
the circumstellar dust also represents a fundamental factor to show how special the Sun and
the solar system are compared to other stars and other planetary systems. Interestingly,
among the 60 solar twins analyzed here, no stars present WISE IR excess at a 3σ level of
confidence. Such a finding may point to a very interesting scenario: stars with physical
parameters similar to the Sun, as is the case of the solar twins, can in fact be very different
from the Sun once the star and its circumstellar environment are considered. However, a
null-detection excess does not necessarily indicate the absence of dust around a star. In this
context, additional studies for the search of IR excess in other wavebands, including those
by Spitzer and Herschel, are mandatory to confirm the present results about the dearth of
debris disks around stars with physical parameters similar to the Sun.
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Fig. 1.— Distribution of metallicity for the 206 Sun-like stars analyzed in this work. The
canonical solar value is presented by the red dashed line.
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Fig. 2.— Distribution of the 206 Sun-like stars from our sample in a log (g) vs. log (Teff )
diagram. The solid and dashed lines represent the evolutionary tracks for stars with [Fe/H]
= 0 and masses ranging from 1.0 to 2.0 M from Girardi et al. (2000). Stars classified as
solar analogs, twins, siblings and sibling candidates are represented by blue, green, black
and red symbols, respectively. The position of the Sun is represented by its usual symbol.
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Fig. 3.— Color-color diagram J −H vs. K − [22] for the 216 Sun-like stars that comprise
our sample. The colors of the symbols are the same as in Fig. 2. The different symbols
represent different stars: red filled square, HD 21216; blue filled triangle, HD 39060; green
filled triangle, HD 63487; blue filled diamond, HD 86087; blue circle, HD 109573; blue square,
HD 113766; green filled square, HD 145927; green filled circle, HD 150248; red filled triangle
HD 168325; blue filled circle, HD 168746; blue diamond, HD 181296 and blue triangle,
HD 218396 and blue filled square, HD 224448. The black dashed line shows the criterion to
define WISE 22 µm excess from Wu et al. (2013), according to which stellar excess candidate
should populate the region with K− [22] larger than approximately 0.2. Triangles in the red
box represent stars from M67 and they represent upper limits in K − [22].
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Fig. 4.— Distribution of χλ values at 3.4 µm (top left panel), 4.6 µm (top right panel),
12 µm (bottom left panel) and 22 µm (bottom right panel) for stars with S/N ≥ 3 at the
respective wavelength. The green dashed line indicates an excess significance χλ = 3.0.
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Fig. 5.— WISE images (from left to right W3 and W4) in minmax log scales for stars
with IR excesses in the 12 and/or 22 µm bands but presenting fundamental problems in the
WISE images: (top panel) artifact in the W3 and W4 bands for HD 109573; (middle panel)
object absent in the W3 and W4 band for HD 168325. (bottom panel) point source without
a fundamental problem in the W3 band and contaminated by background emission in the
W4 band for HD 168746.
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Fig. 6.— WISE images (from left to right: W1, W2, W3, and W4) in minmax log scales for
6 stars with infrared excesses in the 22µm band that survived the visual image inspection.
These stars are examples of clear point sources in all WISE bands. No contamination by
artifacts has been found in bands with observed IR excess.
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Fig. 7.— SEDs for stars with WISE excesses at the 3σ level of confidence (HD 21216, HD
39060, HD 86087, HD 113766, HD 181296, and HD 218396). The UBV fluxes (Mermilliod
2006) are plotted as blue squares; 2MASS J, H, and K fluxes (Cutri et al. 2013) as green
circles; and the WISE bands W1, W2, W3, and W4 (Cutri et al. 2013) as red circles. The
black solid line represents the stellar Kurucz model (Castelli et al. 1997). For HD 113766,
the stellar Kurucz model does not have enough points to construct a fit, and therefore, we fit
the photometry to this star using a black body model (Allard et al. 2012). The blue dashed
line shows the best fit using a single black body model for the WISE bands with IR excess,
while the black dotted line indicates the sum of the two components.
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Fig. 8.— Age distribution for the sample of 60 solar twin stars with WISE measurements.
Ages were taken from Yana Galarza et al. (2016), Ramirez et al. (2014), and Melendez et al.
(2006); for stars from Datson et al. (2015) and Pasquini et al. (2008), age were taken from
Holmberg et al. (2007) and O¨nehag et al. (2011), respectively. The shaded region indicates
the expected age interval of 300 to 400 Myr for disks disappearance (Habing et al. 1999).
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fluxes (Cutri et al. 2013) as green circles; and the WISE bands W1, W2, W3, and W4 (Cutri
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fluxes (Ahn C. P. et al. 2012) are plotted as blue squares and magenta circle, respectively.
Red open triangles presents the WISE upper limits. The black solid line represents the
stellar Kurucz model (Castelli et al. 1997).
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Fig. 10.— Cont. Fig. 9
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Fig. 11.— Cont. Fig. 9
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Fig. 12.— Cont. Fig. 9
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Fig. 13.— Cont. Fig. 9
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Fig. 14.— Cont. Fig. 9
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Fig. 15.— Cont. Fig. 9
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Fig. 16.— Cont. Fig. 9
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Fig. 17.— Cont. Fig. 9
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Fig. 18.— Cont. Fig. 9
– 46 –
104 105 106
λ ( )
10-19
10-18
10-17
10-16
10-15
10-14
10-13
10-12
F λ
 (e
rg
 c
m
−2
 s−
1
 
−1
)
HD 220507
104 105 106
λ ( )
10-19
10-18
10-17
10-16
10-15
10-14
10-13
10-12
F λ
 (e
rg
 c
m
−2
 s−
1
 
−1
)
HD 222582
104 105 106
λ ( )
10-19
10-18
10-17
10-16
10-15
10-14
10-13
10-12
F λ
 (e
rg
 c
m
−2
 s−
1
 
−1
)
HD 224448
104 105 106
λ ( )
10-19
10-18
10-17
10-16
10-15
10-14
F λ
 (e
rg
 c
m
−2
 s−
1
 
−1
) Inti 1
104 105 106
λ ( )
10-19
10-18
10-17
10-16
10-15
F λ
 (e
rg
 c
m
−2
 s−
1
 
−1
)
MMJ 5484
104 105 106
λ( )
10-19
10-18
10-17
10-16
10-15
F λ
 (e
rg
 c
m
−2
 s−
1
 
−1
) MMJ 6055
Fig. 19.— Cont. Fig. 9
– 47 –
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Fig. 20.— Cont. Fig. 9
– 48 –
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Fig. 21.— Cont. Fig. 9
– 49 –
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